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Objectives. The aim of this study was to examine the accuracy 
and validity of a newly developed tissue Doppler imaging system 
in in vitro and in vivo studies. 
Background. Because quantitative measurement of wall motion 
velocity in real time is still difficult by conventional echocardiog- 
raphy, we developed a new system for evaluating ventricular wall 
motion by analyzing Doppler signals from cardiac tissue. 
Methods. We used a modified Doppler color imaging system, 
omitting the high pass filter to allow Doppler signals from cardiac 
tissue to enter the auto-correlator. Ultrasound carrier and pulse 
repetition frequencies were 3.75 MHz and 3.0 to 6.0 kHz, respectively. 
Under these conditions, the lowest measurable v loci~ was 0.2 cm/s. 
Results. In the rotating sponge model, the measured velocity 
correlated well with the actual velocity (y = 0.97x + 2.17, r = 
0.99). In clinical settings, the mid-ejection mean velocity at either 
endocardial or epicardial sites of the left ventricular posterior 
wall measured by M-mode tissue Doppler imaging correlated well 
with that measured by conventional M-mode echocardiography 
(y = 0.94x + 0.64, r = 0.99). During systole, in healthy subjects, 
the anterior left ventricular wall was color-coded blue and the 
posterior wall was color-coded red, whereas the akinetic regions 
associated with myocardial infarction showed no color throughout 
the cardiac cycle. The ventricular posterior wall excursion veloc- 
ity, defined as the difference between velocities at the endocardial 
and epicardial sites, was significantly slower in patients with 
dilated cardiomyopathy (0.4 -+ 0.3 cm/s) than in normal subjects 
(2.0 -+ 0.6 era/s). 
Conclusions. These results indicate that the present system 
accurately represents tissue velocity and can create two- 
dimensional color images that facilitate visual assessment of 
ventricular wall motion. 
(J Am Coil Cardiol 1995;25:717-24) 
Two-dimensional echocardiography is commonly used for non- 
invasive assessment of ventricular wall motion in persons with 
or without cardiac diseases (1-5). However, echocardiographic 
assessment of ventricular wall motion is relatively semiquanti- 
tative in real time. A more quantitative assessment requires 
off-line computer analysis of two-dimensional echocardio- 
grams except when the automated border detection technique 
is used (6,7). 
If Doppler signals originating from the cardiac wall can be 
analyzed by the Doppler auto-correlation technique, ventricu- 
lar wall motion can be imaged in a color-coded fashion, 
facilitating its visual assessment. However, analysis of the 
Doppler signals associated with cardiac wall motion is techni- 
cally difficult, because the wall motion velocity is too slow to be 
captured by the conventional Doppler color flow imaging 
system (8). McDicken et al. (9) reported a technique for 
producing images from the velocity of motion of myocardial 
tissue. However, the feasibility of this method for the clinical 
assessment of ventricular wall motion has not been systemat- 
ically examined. We therefore developed the method of "tissue 
Doppler imaging," a new Doppler echocardiographic system in 
which wall motion velocity is analyzed by auto-correlation 
techniques to create two-dimensional color images of ventric- 
ular wall motion (10). 
The purpose of the present study was to examine the 
validity and accuracy of this tissue Doppler imaging system for 
measuring wall motion velocity both in experimental models 
and in patients. We also attempted to evaluate wall motion 
abnormalities in patients with or without impaired ventricular 
wall motion. 
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Methods  
The tissue Doppler imaging system. Concepts. There arc 
two major differences between the acoustic characteristics of
Doppler signals from the cardiac wall and those from blood 
flow (Fig. 1). 1) Wall motion velocity is much slower than 
blood flow velocity, usually <10 cm/s. 2) Doppler signal 
intensity of wall motion is much greater, -40  dB, than that of 
Doppler signals coming mainly from red blood cells. Accord- 
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Figure 1. Schematic representation of the characteristics of the Dopp- 
ler signals derived from ventricular wall motion and from blood cells. 
Left, Wall motion velocity is much slower than blood flow velocity, 
usually <10 cm/s. Right, In contrast, Doppler signal amplitude ofwall 
motion is much greater than that of blood flow, which is mainly due to 
red blood cells. 
ingly, if we rearrange the Doppler filter to improve the low 
velocity sensitivity of the color Doppler system used to mea- 
sure blood flow, we can measure the motion of the ventrieular 
wall. By selecting the amplitude of the Doppler signal input to 
the velocity-measuring unit, we can eliminate the blood flow 
signals and measure only the Doppler signals from wall 
motion. 
In the conventional color Doppler flow imaging system, the 
Doppler signals derived from ventricular wall motion or valve 
motion are eliminated by a high pass filter so that only the 
Doppler signals from blood flow are measured (8). In the 
tissue Doppler imaging system, the Doppler signals derived 
from cardiac tissue motion are input directly into the auto- 
correlator without passing through the high pass filter (Fig. 2). 
In addition, the ability to measure low velocity is improved so 
that the lowest measurable v locity is 0.2 cm/s, a velocity level 
associated with cardiac tissue motion (Table 1). 
Color display folmat for enhancing low velocities. The im- 
ages showing the velocity of tissue motion are superimposed 
on the two-dimensional echocardiographic image for real time 
display in color. A new color display format was developed to 
enhance low velocities in the color processor, facilitating the 
recognition of regional wall motion abnormalities (ll). 
In the color Doppler method, the ultrasound pulse repeti- 
tion frequency (fr) corresponds to the sampling frequency; 
Table 1. System Characteristics of Tissue Doppler Imaging 
Measurable lowest velocity 0.2 cm/s 
Pulse repetition frequency 3.0 to 6.0 kHz 
Frame rate 20 to 30 frames/s 
Transducer 3.75-MHz sector probe 
Wall motion 
Toward the transducer Coded red 
Away from the transducer Coded blue 
thus, from the theorem of sampling, the measurable maximal 
Doppler deviation frequency (fd max) is fd max = fr/2. In the 
conventional color Doppler flow imaging system, the color 
display range of fd is set between -fr/2 and +fr/2. In the tissue 
Doppler imaging system, the improvement of low velocity 
sensitivity resulted in enhanced low velocities in color display 
images. The color display range of fd was set between -fr/8 
and +fr/8, or -fr/16 and +fr/16. In addition, measured 
velocities were magnified four or eight times to display the 
image in color, as described previously (11). 
Measured velocities greater than the selected maximal 
velocity range were saturated and coded by the brightest red or 
blue. The aliasing velocity followed from the sampling fre- 
quency; however, it was four or eight times as large as the 
saturated maximal velocity. Under these conditions, the alias- 
ing phenomenon never occurred uring the measurement of 
ventricular wall motion velocities. 
Technique for improving frame rate. Frame rate is an 
important factor determining the acceptability of two- 
dimensional cardiac images. In the conventional color Doppler 
flow imaging system, the frame rate is usually set at 10 frames/s 
with a pulse repetition frequency of 4.5 kHz. However, under 
these conditions, a time lag can occur between the beginning 
and end of the scanning of one frame, because 100 ms is 
required to create the image of one frame. In contrast, by using 
high frame rate scanning, it is possible to decrease the time lag 
within one frame. In the present issue Doppler imaging 
system, the number of data samples was reduced to half that of 
the conventional color flow imaging system. The pitch of the 
scanning line was also expanded to 1.5 times that of the 
conventional system. These modifications allowed an increase 
in frame rate to three times that of the conventional color flow 
imaging system. The increase in pulse repetition frequency was 
also available to improve the frame rate to -38 frames/s within 
the limits of applicable field depth. 
Doppler [ 
signals Gain 
Controller 
I System [ Controller 
II 
Signal 
Selector H Auto- correlator 
Figure 2. Block diagram of tissue Doppler imaging 
system. The modification fthe conventional Doppler 
flow imaging to eliminate the high pass filter (HPF) 
improved the function of low velocity measurement. 
ADC - analog to digital converter. 
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Measurement of motion velocity in experimental models. 
The accuracy of measurement i  tissue Doppler imaging was 
examined by moving a sponge phantom at a constant speed. 
The circular sponge phantom with a radius of 4.5 cm was 
rotated at 21.9 rpm in a water bath and observed by B-mode 
tissue Doppler imaging. Doppler deviation frequency was 
measured across the circle at intervals of 0.4 cm, and rotational 
velocity was calculated at each point by correcting the Doppler 
angle [Rotational velocity = (Ultrasound velocity/2.Carrier 
frequency) x Measured frequency/(1/cos 0), where 0 -- Dopp- 
ler angle of incidence, Fig. 3]. The velocities measured by 
B-mode tissue Doppler imaging were compared with the true 
velocities of the point of the rotating sponge. The true velocity 
at each point of the rotating sponge was calculated by the 
radius and the turning speed of the sponge (True velocity = 
2~ x 21.9/60 cm/s: r = the radius at each point). 
Clinical studies. A total of 37 men and women were 
examined with the present tissue Doppler imaging system: 10 
subjects without evident cardiac disease (aged 24 to 45 years), 
18 patients with old myocardial infarction (aged 44 to 78 years) 
and 9 patients with dilated cardiomyopathy (aged 22 to 56 
years). All 27 patients with disease underwent cardiac athe- 
terization and coronary angiography; in those with cardiomy- 
Figure 3. Accuracy and validity of measured velocity in B-mode tissue 
Doppler imaging (TDI) in the experimental study of the rotating 
sponge phantom. Left, The sponge was rotated at 21.9 rpm. Velocity 
measurements of tissue Doppler imaging were performed across the 
circle at intervals of 0.4 cm by correcting the Doppler angle of 
incidence. The true velocity of each point was calculated by the radius 
and rotating speed as shown at lower left (True velocity = 2 wr x 
21.9/60 cm/s). Right, There was excellent linear correlation between 
the measured velocity by tissue Doppler imaging and the true velocity. 
opathy, the diagnosis was confirmed by microscopic examina- 
tion of a biopsy specimen. 
M-mode determination fwall motion velocity. An M-mode 
study of the parasternal short-axis view of the left ventricle at 
the papillary muscle level was performed. From conventional 
M-mode echocardiography, the endocardiat and epicardial 
excursion velocities of the left ventricular posterior wall during 
the mid-ejection phase were determined by tracing each site, 
and mean velocities were calculated by dividing the excursion 
by time. By M-mode tissue Doppler imaging technique, motion 
velocities at four points of the same phase in the endocardium 
and epicardium were measured by analyzing the Doppler shift 
from the color images. The velocity was measured at four 
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Figure 4. Velocity measurement of endocardial and epicardial sites in 
the left ventricular posterior wall by conventional M-mode chocardi- 
ography and tissue Doppler imaging. Left, M-mode chocardiographic 
measurement of endocardial nd epicardial mean velocities was per- 
formed uring the middle third of the ejection phase. Right, Mean 
velocity measurement by tissue Doppler imaging was performed 
during the same phase during mid-systole. Tissue Doppler imaging 
data were obtained by averaging the velocity measured atfour points 
during the same phase at the endocardium (yellow arrows) and 
epicardium (green arrows). 
points of the same mid-ejection phase and the mean velocity 
was calculated by averaging these velocities (Fig. 4). Thus, the 
velocity obtained by tissue Doppler imaging represented the 
mean wall motion velocity during the midejection phase. These 
velocities obtained by the different techniques were compared 
to examine the accuracy of the measurements. 
In measuring wall motion velocity by tissue Doppler imag- 
ing, it is important to consider the effect of heart motion. From 
this point of view, velocity differences between endocardial nd 
epicardial sites can represent pure wall motion velocity with 
little influence from heart motion. Thus, in seven subjects 
without heart disease and six patients with dilated cardiomy- 
opathy, we compared group values for wall excursion velocity 
at endocardial nd epicardial sites and the differences between 
the values at each site. 
Two-dimensional color-coded tissue Doppler imaging. In all 
subjects examined, two-dimensional images were obtained 
from the parasternal short-axis view, mainly at the papillary 
muscle level. The transducer was placed at the third or fourth 
intercostal space along the left sternal border, and the heart 
was imaged in the parasternal long-axis view. The transducer 
was rotated 90 ° to obtain the short-axis view. We did not use 
the apical approach for examination i this study because the 
Doppler beam angle was not appropriate to measure wall 
motion velocity. 
We first evaluated the conventional two-dimensional echo- 
cardiographic images to analyze the segmental wall motion; we 
then obtained tissue Doppler images to assess wall motion 
velocity. Although the brightness of color images that repre- 
sent wall motion velocity is fundamentally independent of gain, 
this variable can be affected by intensified noise associated with 
disqualified two-dimensional echocardiographic images. There- 
fore, we attempted tovisualize the ventricular wall as clearly as 
possible. 
The echocardiographic images were recorded both on 
S-VHS videotape and on photo films and subjected to analysis. 
Interobserver variability of measurements. To test the 
reliability of measurements, we randomly selected eight pa- 
tients for determination f the excursion velocity of the left 
ventricular posterior wall by both tissue Doppler imaging and 
conventional echocardiographic te hniques. The examination 
was performed by two observers on one occasion. The mean 
value _+ SD of differences between observations was 0.1 _+ 
0.1 cm/s, suggesting that measurement variation was <4%. 
Statistical analysis. Data are shown as mean value _+ SD. 
We used a paired Student t test to analyze data within a group 
and an unpaired t test to analyze data in different groups. Wall 
motion velocity data determined by tissue Doppler imaging 
and conventional M-mode echocardiography were compared 
by linear egression analysis. The mean differences obtained by 
the different methods were compared by use of the method of 
Bland and Altman (12). Data were considered significant at a 
p value < 0.05. 
Resu l ts  
Experimental study. Analysis of B-mode tissue Doppler 
imaging in an experimental model (Fig. 3) showed that mea- 
sured rotational velocity, -9.7 to 10.0 cm/s, correlated well 
with actual rotational velocity at each measured point, -10.0 
to 10.0 cm/s (y = 0.97x + 2.17, r = 0.99, SEE = 0.32 cm/s). This 
result indicated that B-mode tissue Doppler imaging accu- 
rately represents he low velocity tissue motion. 
Clinical studies. M-mode-determined wall motion velocity 
in normal and diseased hearts. In 27 subjects with measurable 
M-mode echocardiograms, the mean motion velocity during 
the mid-ejection phase at the 52 sites (27 endocardial, 25 
epicardial) of the left ventricular posterior wall varied from 1.4 
to 7.9 cm/s (mean 3.0) by tissue Doppler imaging. By conven- 
tional M-mode echocardiography, themean excursion velocity 
of the same cardiac phase ranged from 1.4 to 8.7 cm/s (mean 
3.2). There was an excellent correlation between the measured 
velocities by tissue Doppler imaging and those by conventional 
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Figure 5. Top, Relation between the measured velocity by tissue 
Doppler imaging (TDI) and that from M-mode chocardiography 
(Echo) during the mid-ejection phase. Bottom, Difference between the 
velocity measured by tissue Doppler imaging and that measured by
M-mode chocardiography lotted against the average mean value for 
the velocities measured bythese two methods. 
M-mode echocardiography (y = 0.94x + 0.64, r = 0.99, SEE = 
0.04 cm/s, Fig. 5). 
The excursion velocity at the endocardial site of the left 
ventricular posterior wall in subjects without cardiac disease 
was 5.1 _+ 1.0 cm/s (n = 7) and was markedly reduced in 
patients with dilated cardiomyopathy (2.1 +_ 0.5 cm/s, n = 6, 
Fig. 6). The differences in wall motion velocities between the 
endocardial site and the epicardial site were compared in 
patients with or without wall motion abnormalities because 
these values are not affected by heart motion. In seven normal 
subjects, the velocity difference was 2.0 + 0.6 cm/s (range 1.2 to 
3.1 cm/s), whereas in patients with dilated cardiomyopathy, the 
velocity difference was much smaller, 0.4 _+ 0.3 cm/s (range 0.1 
to 0.9). This observation indicated severe impairment of 
regional wall motion kinetics in patients with dilated cardiom- 
yopathy (Fig. 6). 
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Figure 6. Velocity differences between the endocardium (top) and 
epicardium (bottom) of the left ventricular posterior wall in normal 
healthy subjects and patients with dilated cardiomyopathy (DCM). 
Two-dimensional images of the tissue Doppler imaging system. 
In 10 subjects without heart disease, the anterior wall appeared 
blue and the posterior wall yellowish-red uring midsystole. 
The high brightness of these colors in comparison with the 
color scale bar suggests that the wall motion velocity of these 
walls is relatively high (Fig. 7). During early diastole, color 
reversal occurred; the anterior wall was coded red and the 
posterior wall blue. High intensity color was seen in both the 
anteroseptal and the posterior walls. In late diastole, when wall 
motion velocity was significantly reduced, color intensity was 
decreased. Color intensity increased uring the atrial systolic 
phase as a result of further ventricular expansion by atrial 
contraction. 
Time-sequential changes in the color coding of the ventric- 
ular walls were confirmed by M-mode tissue Doppler imaging. 
During systole, the anterior and posterior walls were coded 
blue and red, respectively. As shown in the two-dimensional 
images, color reversal was present during diastole (Fig. 7). It is 
evident hat M-mode tissue Doppler imaging facilitated the 
recognition of serial changes in tissue motion velocity during 
the cardiac cycle. 
Identification of sites of abnormal wall motion in diseased 
hearts. Acceptable color images were recorded in 24 of the 27 
patients with heart disease. Of the 18 patients with previous 
myocardial infarction, 15 (10 with anteroseptal nd 5 with 
inferior myocardial infarction) had acceptable tissue Doppler 
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Figure 7. Top, Tissue Doppler images, parasternal short- 
axis view, of the left ventricle in a healthy subject. Upper 
left, During mid-systole, the anteroseptal wall appears to be 
bright blue and the posterior wall bright red, indicating good 
contraction toward the center of the ventricle. Upper ight, 
In early diastole, the anteroseptal wall appears to be bright 
red and the posterior wall bright blue, indicating movement 
away from the center of the ventricle. Bottom, M-mode 
tissue Doppler imaging in the same subject. 
images. In patients with anteroseptal myocardial infarction, the 
anterior wall was not coded by color during systole or diastole 
in either two-dimensional or M-mode tissue Doppler imaging 
(Fig. 8). In contrast, he posterolateral wall was coded during 
systole by a bright red color that indicated relatively high wall 
motion velocity. In patients with posterior myocardial infarc- 
tion, during systole, the anterior wall appeared bright blue. The 
posterior wall was not coded or was coded dark red, indicating 
akinesia or hypokinesia of the infarcted myocardium. 
The color-coded tissue Doppler system could demonstrate 
generalized left ventricular wall motion abnormalities as well 
as regional wall motion abnormalities. A typical pattern of 
generalized wall motion abnormalities was found in patients 
with dilated cardiomyopathy. In contrast o the color code 
pattern of the normal hearts, the images of all nine patients 
with cardiomyopathy showed only a dark color in parts of the 
ventricular wall during systole and diastole, indicative of 
decreased left ventricular wall motion velocity. 
Discussion 
Assessment of left ventricular wall motion is one of the 
most important procedures in evaluating left ventricular func- 
tion. Evaluation of regional wall motion abnormality in pa- 
tients with left ventricular asynergy is particularly important, 
because regional wall motion is closely related to the status of 
the cardiac muscle in these local areas (1-4). However, it is still 
difficult o evaluate wall motion quantitatively in real time by 
conventional techniques. 
The color-coded Doppler flow imaging technique was de- 
veloped in 1983 and was widely used for two-dimensional 
echocardiographic visualization of valvular egurgitation, ste- 
notic flow, shunt flow and other abnormal f ows (8). In this 
technique, Doppler signals from the moving blood cells were 
analyzed by the auto-correlation method, which enables visu- 
alization of blood flow in a color-coded fashion. Although a 
Doppler technique with auto-correlation a alysis is also likely 
to be a suitable method for measuring the velocity of ventric- 
ular wall motion, this velocity is too low to be detected by the 
conventional Doppler method used to measure blood flow. 
Although McDicken (9), Moran (13) and Groundstroem 
(14) and their co-workers reported that tissue motion could be 
estimated by modified color Doppler imaging, the validity and 
accuracy of this method for clinical assessment have not been 
systematically studied. 
In the present study, we produced a tissue Doppler imaging 
system for measuring ventricular wall motion by modifying the 
conventional color Doppler flow imaging system. One major 
difference from the conventional color Doppler system is the 
elimination of the high pass filter of the equipment. After 
removal of this filter, low velocity with high intensity Doppler 
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Figure 8. Tissue Doppler image, parasternal short-axis 
view, of the left ventricle ina patient with anteroseptal 
myocardial infarction. Left, During mid-systole, the 
anteroseptal wall shows no color, indicating akinetic 
wall motion. Right, The M-mode tissue Doppler image 
also shows no color at the septal wall during systole. 
signals from the ventricular wall could be analyzed by the 
auto-correlation calculator. 
Validity of tissue Doppler imaging in vitro and in vivo. In 
the in vitro study, velocities of the rotating sponge measured by 
tissue Doppler imaging correlated well with the actual veloci- 
ties, as also reported by McDicken et al. (9). This enhanced 
accuracy in measuring low velocity depended on elimination of 
the high pass filter. In the in vivo study we compared the 
velocity of the endocardium and epicardium of the left ven- 
tricular posterior wall measured by tissue Doppler imaging 
with that by conventional M-mode echocardiography. There 
was an excellent correlation between values, demonstrating 
that the present tissue Doppler imaging system is reliable for 
measuring the velocity of ventricular wall motion. 
In the clinical setting, it is important to determine regional 
cardiac muscle contraction. However, the systolic excursion of 
the left ventricular posterior wall comprises both the systolic 
contraction of the posterior wall and overall cardiac motion. 
Therefore, to measure the pure contractile state of the ven- 
tricular wall, it is necessary to eliminate the effects of overall 
cardiac motion. For this purpose, we measured the differences 
in velocity between the endocardial nd epicardial sites. The 
velocity differences were significantly less in patients with 
dilated cardiomyopathy than in normal subjects, suggesting 
that ventricular excursion velocity was impaired in patients 
with dilated cardiomyopathy. 
Detection of regional wall motion abnormalities. In sub- 
jects without evident heart disease, images from the anterior 
and posterior ventricular walls were color coded during systole 
and diastole. In contrast, in patients who had regional wall 
motion abnormalities associated with myocardial infarction, 
color coding was absent or decreased in the infarct regions 
during the cardiac ycle. In patients with dilated cardiomyop- 
athy associated with poor ventricular wall motion, the color- 
coded images of the ventricular wall were darker than those 
associated with images of normal hearts. Thus, we believe that 
the present issue Doppler imaging technique can facilitate 
visual inspection of regional wall motion abnormalities, al- 
though our study was not prospective orperformed inblinded 
manner. 
Noninvasive assessment of ventricular wall motion was 
performed by conventional two-dimensional or M-mode echo- 
Figure 9. Tissue Doppler images from a normal subject before and 
after image modification by the least mean squares method. Left, In 
the original image, during systole, the left ventricular nterior and 
posterior walls were coded blue and red, respectively. When this image 
was reconstructed by setting the hypothetical enter, the effect of angle 
and the whole heart motion could be eliminated, resulting inthe much 
clearer color images shown in the middle (systole) and right (diastole) 
panels. These images indicated the contraction toward the hypotheti- 
cal center, coded red, and relaxation away from the center, coded blue. 
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cardiography. These methods are reliable and convenient to 
perform in patients with heart disease. However, evaluation of 
abnormalities with these techniques depends to some extent on 
subjective judgment even when digital analysis i  used (1-5). In 
the tissue Doppler imaging system, motion velocity data are 
superimposed on two-dimensional or M-mode echocardio- 
graphic images, thus enabling relatively objective assessment of
ventricular wall motion. 
Clinical implications. No information regarding wall mo- 
tion velocity can be obtained from the stop frame images of 
conventional two-dimensional echocardiography. In contrast, 
tissue Doppler imaging, in which wall motion velocity is 
superimposed on the two-dimensional echocardiography by 
color coding, permits visual assessment ofwall motion velocity 
in real time. Therefore, it is possible to estimate the wall 
motion from both wall configuration and motion velocity. 
Although we did not measure the time for examination, it is 
possible that, by permitting accurate measurement of wall 
motion velocity in real time, the tissue Doppler imaging system 
may help decrease the time now required to examine patients 
with conventional echocardiographic procedures. Regional 
wall motion velocity could be determined with this system, and 
the values obtained may be useful in evaluating the extent of 
wall motion abnormalities and facilitating visual inspection of 
their presence in real time. 
With the present system, serial changes in ventricular wall 
motion over time can be analyzed, particularly with the use of 
M-mode tissue Doppler imaging. This ability may be applica- 
ble to detection of sites of early ventricular contraction asso- 
ciated with accessory pathways in patients with the Wolff- 
Parkinson-White syndrome, as shown in our preliminary 
report (15). 
Limitations of the study. In the present system, the sum of 
the velocity associated with regional wall motion and whole 
heart motion was analyzed by the auto-correlator t  display a 
color-coded image. Therefore, in the presence of large heart 
motion during the cardiac cycle, calculated velocities can 
underestimate or overestimate the actual wall motion velocity, 
thus resulting in inaccurate color coding of wall motion. We 
are now developing a new system of analysis in which the effect 
of the total cardiac wall motion can be eliminated by using the 
least mean squares method (Fig. 9). 
The wall motion velocity at each point in the ventricle is 
expressed as the velocity vector along the Doppler beam in the 
present system. When there is a large incident angle between 
the direction of wall motion and that of the Doppler beam, it 
is necessary to correct he angle of incidence for expression of 
the absolute wall motion velocity on the B-mode image of 
tissue Doppler imaging. Indeed, in some patients, a part of 
myocardium, particularly ineither the septal or the lateral wall, 
was not encoded by color, although wall motion was main- 
tained. At present, it is sometimes difficult to distinguish 
between lack of color encoding due to akinesia nd that due to 
technical factors, and under these conditions, conventional 
B-mode echocardiography can play a complementary role in 
assessing wall motion. For the same reason, the apical ap- 
proach, in which the direction of Doppler beam is almost 
perpendicular to the direction of wall motion in all areas of the 
left ventricle, is not suitable for quantification with the present 
system. 
As mentioned previously, although the measurement of 
wall motion velocity is gain independent, it can be affected by 
intensified noise. Therefore, an inaccurate stimate can occur 
in evaluating disqualified echocardiographic images associated 
with an inappropriate signal/noise ratio. 
Although several problems remain to be resolved, the tissue 
Doppler imaging technique may allow evaluation of ventricu- 
lar wall motion velocity, facilitating the clinical assessment of
cardiac function in real time in a way that cannot be done by 
conventional echocardiographic techniques. 
We thank Nobuo Shirahashi, MS for statistical assistance. 
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